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Problem Statement:

Determine on-site storm water volumes that must be retained and size off-site storm water run-on control
features.

Method of Solution:

Urban Hydrology for Small Watersheds, TR-55
Haestad Methods - Flowmaster Software

Assumptions:

Soil type is the same throughout the site

Soil Hydrological Group is B

Storm water runoff in the HIC/Drum Filling Area will be contain within its boundary by a berm.

Storm water runoff in the Liquid Waste Storage Area will be contain within its’ boundary by a berm.

The existing system carrying Storm water runoff from Basins 1 and 2 have the capacity to accept the flows.

Sources of Formulas and References:

INEEL/BBWI Drawings

Urban Hydrology for Small Watersheds, TR-55

NOAA Atlas 2, Volume V, Isopluvials of 2yr./24 hr. Precipitation
Site Photographs

Information gathered from Site Visit

Survey provided by INEEL

Calculation:

See Attachments
Discussion:

Six Basins were used to develop the storm water analysis for this site (see attached Basin Map). A 2yr/24hr
storm was used to calculate the storm water volume and flow rate for each basin. All storm water will be kept
on site. Offsite flows are diverted by the proposed V-ditches and discharge into existing systems. The new
21” corrugated metal pipe culvert replacing the 8” and 15” pipe culverts crossing the site exceeds the capacity
of the existing culverts.

Storm water runoff from roof 616 will be captured in rain gutters and discharged offsite.

Summary:

Basin Number | Peak Discharge (CFS) | Storm water Volume (CF)
1 0.027 116.2

2 0.043 185.8

3 0.123 299.7

4 0.065 200

5 0.06 149

6 0.280 694

Q:\WP\INEEL Draft Final\Calculations Draft FinahABQ10-CE006 RAC\ABQ10-CE006 RAC.doc



3 0f 33

V-Ditch at East Boundary:
A one-foot deep v-ditch installed at 1% grade will adequately handle peak discharge rates for Basins 1 and 2.

21” CMP:

Pipe can handle 7.0 cfs at 0.67% grade. Pipe can handle a drainage area of 5 acres if a 100-year 24-hour
storm occurred. Pipe can handle a drainage area of 75 acres if a 2-year 24-hour storm occurred. Mapping
was not available to determine actual size of drainage area but field inspection indicates that drainage area is
less than 5 acres; therefore, 21” CMP should be more than adequate.

Q:\WPANEEL Draft Final\Calculations Draft Fina\ABQ10-CE006 RAC\ABQ10-CE006 RAC.doc
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Worksheet 2: Runoff curve number and runoff

BAS /i~ |/
- Runoff curve number .

z
L

Project . By Date | .
/rnneel- Vi tonks Kerrmedioh o a EIrsSam £/25/5
Location Checked Date
/a/& ho Fals |, ]dubo
Check one: D Present meloped

Sol rare Cover dsaipton Area P“;‘:'Ct
ard
hydréogc CNarea
graip o | 2| 3 |oes
(coer {pe, teatmety ard hydrobgc candtion; pecert P ® g Om?
(appendix A) imperiows; unomeded/conatedmpevias aea ratip g :_% e lo%
B gpaye/, natura/’/ gracz 7? 291 | 22.99
Y yuse ayoneCN sotce peline Totals ’ 24 22.95G
CN(weighwt) = totalproduct - 22.G9 = 79 ST
' se CN 7
totalarea . 291 ’ 7
2. Runoff - ke e
Stom # Stam £ Stom 8
Fraquency .....cceeeeuieveeeeieeeeeee e w YA
Ranfl, P (24h0U) ..evvereereeen... in /] S&f /% 24 /31_
Rumf,Q ........................................ in 0 , /ao/
(Use RiNdCN with tabR1, figire2-1, or
equdiors 2-3 ad 2-4
= /000 _
D-2 S 2—;‘ —/0 = 2.6 ‘(ZIO-VI-TR-ES, Second Ed., June 1986)
2
@ (P-0.25)

S TR0 5 00
P+ 8S) o
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Worksheet 3: Time of Concentration (T¢) or travel time (T¢)

5o 32

Project By Date

/nee/ - V- Fanks . Ehrsan s/28 Jo
ocation ec! Date
roest /da/7o F4//-5, /a’a /)o Checked .

Check one: L] Present [(GBevetoped
Check one: E{ O Tithr ough subarea

o

T A SR DT
7 :

Surface description (table 3-1)

1
2. Manning's roughness coefficient, n (table 3-1)
3. Flow length, L (total L + 300 ft)
4
5

................................. ft

Two-year 24-hour rainfall, P, ... in
Land SIOpe, S ....cccceeviriveeictiirccereee e ft/ft
Compute Tt ......... hr

6. Ty=_0007 (ni)°®

Segment ID
Surface description (paved or unpaved) .....................
Flow length, L

Watercourse slope, s

10. Average velocity, V (figure 3-1)
" T=_ L
3600 V

12. Cross sectional flow area, & ..........coeeevureueeerene... ft2

13. Wetted perimeter, Py -....cccoceverecererivecreereenieenseeaennes ft

14. Hydraulic radius, r= 2 Computer ........cccoevvurenen. ft
15 Channel slope, s ...... pw ........................................... /it
16. Manning’s roughness coefficient, n ............................
17. v=_149r2Bs2 Compute V ................ ft/s
18. Flowtength, Lrl .......................................................... ft
19. Tg=__ L Compute Ty .............. hr

Notes: Space for as many as two segments per fiow type can be used for each worksheet.
Include a map, schematic, or description of flow segments.

anave fbarc - 4
[ e 4

/

-4

Jd=x=]
/o !
/373

3600 V
20. Watershed or subarea T or Ty (add T in steps 6, 11, and 19)

/0

(210-VI-TR-65, Second Ed., June 1986)



Worksheet 4: Graphical Peak Discharge method

Project . By

Date

Location Checked

Date

Check one: DPresent E/D;veloped

1. Data
Drainage area ........o.ooooooeeeeeemeeeereeesneenns Ap=_0' 0095  mi2 (acres/640)
RUNOff CUIVE NUMDES ...........ovveeerreeeeeee CN=__ 79 (From worksheet 2)
Time of concentration ............c.cceeeevvvvenenene. Te= « /0 hr (From worksheet 3)
Rainfall distribution ....................oevrevveeeeereeee. = / (1, 1A, 11 1)
Pond and swamp areas sprea
throughout watershed ..o = 0 percent of A, ( acres or mi2 covered)
Storm #1 | Storm #2 | Storm #3
2. Freduency .................................................................................... yr 2z
3. Rainfall, P (24-hour) ....cocviiereeeecesere et et eaee in /)
4. INti2) @DSHIBCHON, 1y <evvve oo srseessrsessesserseessrene in {0.53¢2
(Use CN with table 4-1)
5.COMPULE I/ P ....coonemrcecencameceecere st sessecs e ss s ¢ S
6. Unit peak discharge, TP csm/in 5 45
(Use T and I /P with exhibit 4—- /1 )
7 RUNOM, Q cooeeverceoree e sassssssssessssss e sssess s s in| 19
(From worksheet 2) Figure 2-6
8. Pond and swamp adjustment factor, Fpy ........c.cccoveveevieiiiencereeenne. o
(Use percent pond and swamp area
with table 4-2. Factor is 1.0 for
zero percent pond ans swamp area.)
9. PEaK dISCArge, Gp ..v.vvvvvrvreresesssssseeresssssrsenssseeseesssesasssesnesees ft3s|- 027
( Where Gp = unQFp )
V- = Q% Am 4« 53.33 =0.0027 Ac.-FT

: //6. 15 CF

(210-VI-TR-55, Second Ed., June 1986)
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Worksheet 2: Runoff curve number and runoff

Project By Date

Location Checked Date

Checkone: [ present [ Developed Sasmin 2

1. Runoff curve number: "

oR
21
y

Sol rarre Cover dsgipton Area | Prodict

ard of
hydréogc CNarea

graip o | 2| I |Sacres
(coer ype, teatmet ard hylrobgccandton; pecert _‘; ® 2 [om?
(aperdix A) imperiois; unomeded/conectedmpeviais @ea ratip 3 r% 2 lo%
o
D grave/, sandd, < 50/0\9ms:. 74 , 5052 3.9,

Y yse olyoneCN sotce peline

Totals W |. su5| 39.9/

CN(weight) = totalproduct - J37.9/ = 79 | UseCNEp g
totalarea S S085
Stam # Stom £ Stam 8

Frequency ........ceeeeveeeeenieiemeieeene. y YA
Ranfdl, P (24hou) .....c.cevveeueeennen.. in /. / o€& /Zf 29'/37_/
Rurdf, Q ... in o1

(Use BNdCN with tabl1, figire2-1, or

equdiors 2-3 ad 2-4

(210-VI-TR-55, Second Ed., June 1986)



Worksheet 3: Time of Concentration (T¢) or travel time (T¢)

9 of 32

Project

By

Date

Location

Checked

Date

Check one: D Present D Developed

Check one: DTC [J 7ythr ough subarea

Notes: Space for as many as two segments per flow type can be used for each worksheet.
Include a map, schematic, or description of flow segments.

1. Surface description (table 3-1) .........cccccecevevicveeennns
2. Manning's roughness coefficient, n (table 3-1) ..........
3. Flow length, L (total L+ 300 ft) .........covveeuverennnee.e. ft
4. Two-year 24-hour rainfall, P, ........cccoouenenne. ....... in
5. Landslope, S .......ccoeceriiirernieerreee e ft/ft
6. Ty=_0007 (nL) 08 Compute Tt ......... hr

12. Cross sectional flow area, @ ..........c.cococoveueenne.... ft2

13. Wetted perimeter, Pw ...cccoceeveveeueeieeeireeeeseeeee e ft

14. Hydraulic radius, r= 2 Computer ............cuou...e. ft
15 Channel slope, s ...... p Y eeeteeseeeeeesesseeeeeese e ees e ft/ft
16. Manning's roughness coefficient, n ............c..............
17. v=_ 149r28s2 Compute V ............... ft/s
18. Flowtength, l_n .......................................................... ft
9. Tyg=__ L Compute Ty .............. hr

Segment ID
Surface description (paved or unpaved) .....................
Flowlength, L ... ft
9. Watercourse Slope, S ........cceeevvveeeiiecrevircereieenns fuit
10. Average velocity, V (figure 3-1) .......c.ccoveveveennnen. fus
1. Ty= L Compute Tt ........... hr
3600 V

3600 V
20. Watershed or subarea T or Ty (add Ty in steps 6, 11, and 19)

. 1D

(210-VI-TR-65, Second Ed., June 1986)



Worksheet 4: Graphical Peak Discharge method

Project By

Date

Location Checked

Date

Check one: D Present D Developed

1. Data
Drainage area ...........coceeeveveeeeveressesrecnens Ap=_0.8D05  mi (acres/640)
Runoff curve number ..........ccccoeveeeereneienass CN = 74

Time of concentration ..........ccccccceeeverennneenn. Te= 1 10

Rainfall GiStrBUtION ..........voveeeeereeeeeeeeeeesene = /" (1A,

Pond and swamp areas sprea

throughout watershed ........cccccceeeerveccnenrennnees = [2) percent

2. FrEQUEBNCY ..t ccee it tere et areeere e s e snts e be e sre s s ssnseane yr

3. Rainfall, P (24-hour)

4. Initial abstraction, Iy ..o in
(Use CN with table 4-1)

5. Compute I3 /P

..................................................................................

6. Unit peak discharge, Q; ......cccooememnriieninee e csm/in
(Use T and I /P with exhibit 4— )

7. Runoff, Q
(From worksheet 2) Figure 2-6

8. Pond and swamp adjustment factor, F
(Use percent pond and swamp area
with table 4-2. Factor is 1.0 for
zero percent pond ans swamp area.)

9. Peak diSChArge, p -......cc.uruwemuucervesmesmmss s sessenons ft3/s
{ Where Gp = quA,,,QFp )

Ve = 185. 6 cF

11 1)

of A (

(From worksheet 2)

hr (From worksheet 3)

acres or mi2 covered)

Storm #1

Storm #2

Storm #3

2

/
I

. i

0.537

Y]

550

/0

- 0434

(210-VI-TR-55, Second Ed., June 1986)
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Worksheet 2: Runoff curve number and runoff

Project

equaiors 2-3 ad 2-4

i By Date
|
Location [Checked Date
Checkone: [ 1Present [ ] Developed [BAS /as 3
1. Runoff curve number = "0 i
Sol rane Cover dsapton cNY Area Pf(;('ilCt
ard
hydréogdc CNyarea
graip o | 21 3 |2atres
(coer {pe, teatmeh ard hydrobgc candtion; pecert P o 2 | Oom?
(apendixA) imperiois; unomeded/conetedmpaviais aea ratid g é' 2 lo%
B Newly groded a Jes7| 15,35
[
Y yUse olyoneCN sotce peline Totals ’
CN(weighw) = totalproduct _ = . UseCNEp Y
totalarea
2. Runoff . - SRR
Stam # Stom £ Stam 8
Fraquency ....c.cceeeeeeeeececceeereeeaeee. yr 7 .
Ranfdl, P (24hou) ........ccovueereee.... in /. / SEE ‘/é 14 /57_,
Rurof,Q ..o in L, 43
(Use BNdCN with tabR1, figire2-1, or

(210-VITR-55, Second Ed., June 1986)

10 of 27~



Worksheet 3: Time of Concentration (T¢) or travel time (T¢)

[l oF %2

Project By Date

Location Checked Date

Check one: D Present D Developed

Check one: ] Te OJ Tithr ough subarea

Notes: Space for as many as two segments per flow type can be used for each worksheet.
Include a map, schematic, or description of flow segments.

1. Surface description (table 3-1) ........coeoovrvererrerereens Flat

2. Manning’s roughness coefficient, n (table 3-1) .......... .oyl

3. Flow length, L (total L1 300 ft) .....cooovoovvereeeereeneenn. ft 2

4. Two-year 24-hour rainfall, P, ... in i

5. Land SIOPe, S ..cceveueeeceeeeere e ft/ft o

6. Ty=_0.007 (nl) 0.8 Compute Tt ......... hr 2] ] + I

Segment ID
7. Surface description (paved or unpaved) .....................
Flow length, L ..................
Watercourse slope, s
10. Average velocity, V (figure 3-1) ........ccccvvevveneeneen. f/s
M. Ty=_ L Compute Tt ........... hr I + l =[ J

3600 V

12. Cross sectional flow area, a ............... et ft2

13. Wetted perimeter, Py -....cccceveereemrerecerecveieeneen ft

14. Hydraulic radius, r= 2 Computer .......occoeeeeuee.e. ft

15 Channel slope, s ...... p Y eeeeeeseeseeeses e eeee s e es e /At

16. Manning's roughness coefficient, n ............................

17. v=_149r2Bg2 Compute V ................ ft/s

18. Flowtength, Ln .......................................................... ft

19. Tyg=__ L Compute Ty .............. hr | + L =
20. Watersl-?cead0 gr\{e,ubarea TcorTi(add Tyin steps 6, 11, and 19) ... Hr

/O

(210-VI-TR-55, Second Ed., June 1986)



Project

Worksheet 4: Graphical Peak Discharge method

By Date

Location

Checked Date

Check one: D Present D Developed

1. Data
Drainage area ...........cocccoceeeveeeuvveveereenonns Ap=__+O0C™> mi (acres/640)
Runoff curve number ...........cccoeevvvienennn. CN= 91 (From worksheet 2)
Time of concentration ...............c.ccoeueuiinnne. Te= 1 © hr (From worksheet 3)
Rainfall distribution .............c.ccovevevereeseerenne. = L (1, 1A, I11)
Pond and swamp areas sprea
throughout watershed .........c.cccceeeeeeeeeernenneen. = o percent of A, ( acres or mi2 covered)
Storm #1 | Storm #2 | Storm #3
2. Freduency .................................................................................... yr A
3. Rainfall, P (24-N0UT)  .ooooeoeeieeeeeeee e in | 1. |
4. INitial BDSIACKHON, Iy ....vveererrreevesssrresssssere s sensessssseenee in [0, 195
(Use CN with table 4-1)
5.C0MPULE g/ P et 22>
6. Unit peak diSCharge, Q .........cccovccevmureeecscormeeeccereesesnneseeans csm/in So
(Use T and I /P with exhibit 4— || )
7.RUNOE, Q ettt sttt e n et in | /4 >
(From worksheet 2) Figure 2-6
. (@)
8. Pond and swamp adjustment factor, Fp ..........coooeverereveiiereinnecnnnnn,
(Use percent pond and swamp area
with table 4-2. Factor is 1.0 for
zero percent pond ans swamp area.)
9. Peak dISChArge, Gp - vwvevveverrereresesssssssss s ssnsnsons 35| . 12206
(Where q, = q, A, QF,)

Ve 2 R& Ak s>.23 = |

299. 1ce

(210-VI-TR-55, Second Ed., June 1986)
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Worksheet 2: Runoff curve number and runoff
Project By

Date

Location Checked Date

Check one: D Present D Developed

BAS/;J o ,

1. Runoff curve number

v
Sol rare Cover dsaipton CN Area | Prodict
ard of

hydréoge CNarea

graip v | | 3 {2t

(coer ype, teatmety ard hydrobgccandtion; pecert P o 2 om?

(aperdix A) imperiows; unomeded/conatedmpeviais aea ratip 2 E” 2 0%

B /(/ea/ly Jra ded area s 9/ ossl 9. 26

Y use olyoneCN sotce peline

Totals W |. /07| 9. 26

CN(weightt) = totalproduct = &.7Z6 = Q7 ) y
totalarea . /7072 Use CNIp 49

- 2.Runoff .

Stom # Stam # Stam 8

Frequancy ........cccceeeccrecererecececeeene. w Z

Ranfdl, P (24h0U) ........oevreereeerennnnes in /. / Sezs /4 227

Rurof,Q ..., in o. Y30 3/
(Use RNdCN with tab21, figure2-1, or

equdiors 2-3 ad 2-4

§=0.99

(210-VI-TR-55, Second Ed., June 1986)



Worksheet 3: Time of Concentration (T¢) or travel time (T¢)

14 of %2

Project

By

Date

Location

Checked

Date

Check one: D Present ;E'feveloped

Check one: /G{; d Tithr ough subarea

Notes: Space for as many as two segments per flow type can be used for each worksheet.
Include a map, schematic, or description of flow segments.

1. Surface description (table 3-1) ......cccceoevvvevevevrernnnn.
2. Manning's roughness coefficient, n (table 3-1) ..........
3. Flowlength, L (totalL 1+ 300 ft) .......cceovevvrvririinnennns ft
4. Two-year 24-hour rainfall, P, ....... in
5. Land slope, S ... ettt e en ft/ft
6. Ty=_0007 (nL) 08 Compute Tt ......... hr

Segment ID
7. Surface description (paved or unpaved) .....................
8. Flowlength, L .....c.ociiminiieieeeeeee e ft
9. Watercourse slope, S .....ccccccveeevvevemiieeiceeeeecieenn it
10. Average velocity, V (figure 3-1) ........ccocveveennenn... ft/s
1. Ty= L Compute Tt ........... hr
3600 V

%

12. Cross sectional flow area, @ .......ccccoveuveeeeenvenn.... ft2

13. Wetted perimeter, pw -...cccoceoeeeeveeveeeicireeee. ft

14. Hydraulic radius, r= 2 Computer ... ft
15 Channel slope, s ...... pw ........................................... ft/ft
16. Manning's roughness coefficient, n ...........................
17. v=_ 149128512 Compute V ................ ft/s
18. Flowtength, Ln .......................................................... ft
19. Ty = Lt Compute Ty .............. hr

graded, £{at]
-a 7
o.0//

o

/

/.
O
%

3600 V .
20. Watershed or subarea T or Ty (add Ty in steps 6, 11, and 19)

/0

(210-VI-TR-65, Second Ed., June 1986)



Worksheet 4: Graphical Peak Discharge method

Project By 7 Date

Location Checked Date

~Check one: D Present D Developed

1. Data
Drainage area ........cceeeeureeeueeeeseesneseerenes Ap=_+900¢° 2 mi2 (acres/640)
Runoff curve number ........cccovvveieeieceinnene. CN= 4.1 (From worksheet 2)
Time of concentration ..........ccccccvveevievnecvennn. Te= v 1 e hr (From worksheet 3)
1|
Rainfall distribution ........c..cceevveivveicecriiereenne. = (I 1A, 11 1N)
Pond and swamp areas sprea
throughout watershed .........cccceeoviccceiicinennnne =__ O  percentof Ap ( acres or mi2 covered)
Storm #1 | Storm #2 | Storm #3
2. FTEQUBNCY ...ttt e ae e e e e erasea s tesseee s saste s essesessssanannnnas yr 2
3. Rainfall, P (24-NOUT)  ..coceeereeeeeeeaseee e ereeeesssensessssesessssesesensnas in N
4. Initial abstraction, lg .......ocoeoiiimiie s in ([©19%
{Use CN with table 4-1)
5.C0MPULE I/ P e .22 5
6. Unit peak discharge, q; .......ccooeenmmneeeieccecc csm/in &0
(Use T and I3 /P with exhibit 4— )
7 RUNOM, Q oo sess e et eres e in | .42
(From worksheet 2) Figure 2-6
8. Pond and swamp adjustment factor, Fpy ..........cccucvunecmmnnerrenecenann. o
(Use percent pond and swamp area
with table 4-2. Factor is 1.0 for
zero percent pond ans swamp area.)
9. Peak QISCRAIGE, Gp -..uuuouvueusieceeensisssissessssnnns s ft¥s|  OLS

(Where q, = q,A,QF )

19 Volume ece Roncze Ve -

Vp= @ A 3.2 = 0004™ A& =%
\/,\—: o0 Cw

(210-VI-TR-55, Second Ed., June 1986)
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Worksheet 2: Runoff curve number and runoff

Project . ' By Date
|
Location |Checked : Date
’ !
Check one: D Present D Developed 5 AS s/ S
" — R —

Sol rarre Cover dsaipton cNY Area | Prodict
ard of
hydréogc CN rarea
g o | 2] 3 (=6t
(coer tpe, teatmet ard hyrobgccandtion; pecert P @ 2 oOm2
(apperdx A) imperiows; unomeded/conectedmpeviais aea ratip 21 2| 2|o%
5 grade< 71 098 | .92
B g rave/! /S'&nq/ 79 09| 3.74

Y use olyoneCN sotce peline

Totals W |, /«/¢ | /2.7/

CN(weight) = totalproduct - /2. 7/ = 8705
totalarea Py

UseCNBp | 57

C2Runoff v

Staom # Stam #£ Stom 8

D
c
8
=
o
5
(§N]
W

{(Use BNdCN with tabR1, figire2-1, or
equdiors 2-3 ad 2-4

S= 19943

(210-VI-TR-55, Second Ed., June 1986)



Worksheet 3: Time of Concentration (T¢) or travel time (T¢)

(7 of 22

Project

By

Date

Location

Checked

Date

Check one: D Present D Developed

Check one: DTC O Tithr ough subarea

Notes: Space for as many as two segments per flow type can be used for each worksheet.
Include a map, schematic, or description of flow segments.

12. Cross sectional flow area, a ............... JRTRR ft2

13. Wetted perimeter, pw .....cccoeiveerevceinecinencennieneene. ft

14. Hydraulic radius, r= 2 Computer .....ccccocvnnueennnnnne. ft
15 Channel slope, s ...... pw ........................................... ft/ft
16. Manning's roughness coefficient, n ..............c.............
17. v=_ 1497285 Compute V ................ ft/s
18. Flowtength, Ln .......................................................... ft
19. Ty=__ L Compute Ty .............. hr

Segment ID
1. Surface description (table 3-1) ...... LG ..
2. Manning’s roughness coefficient, iv (table 3-1) ..........
3. Flow length, L (total L + 300 ft) ............ eeeeeree e ft
4. Two-year 24-hour rainfall, P, ... in
5. Land SIope, S ....ccocorriicciiirinecee e f/ft
6. Ty=_0007 (nL) 0.8 Compute Tt ......... hr

P, 05504

)21 757

Segment ID

Surface description (paved or unpaved) .....................
Flowlength, L ...t ft

9. Watercourse slope, S .......cocceeemeeenninieiirneneneesnien. it

3600 V
20. Watershed or subarea T or Ty (add Ty in steps 6, 11, and 19)

O./)0

(210-VI-TR-65, Second Ed., June 1986)



Worksheet 4: Graphical Peak Discharge method

throughout watershed ...........cccccrrcericcceceenne. =

Project By Date
Location Checked Date
Check one: D Present Eﬁ\‘/eloped
1. Data
Drainage area ..........ccccooceeeeeeeeeeeeenennnne. An= + OOC225 e (acres/640)
7
Runoff curve number .............cccooceeeniceenn. CN = — (From worksheet 2)
. . O. (0
Time of concentration ...........c..coceveevieenenn. Tc= hr (From worksheet 3)
Rainfall distribution ..............c.eeceeeeeverereererenn. = (! (1, 1A, 11 1)
Pond and swamp areas sprea
- percent of A, (

acres or mi2 covered)

Storm #1 | Storm #2 | Storm #3
2. Fréquency .................................................................................... yr Z
3. Rainfall, P (24-N0UT)  .c.oooneeeeeeeeeeee et sssseaenan in /-1
4. Initial abstraction, Ig ....c..ceoeeie e in ¢ 299
(Use CN with table 4-1)
5.Compute Ig/P .ot - 20
6. Unit peak discharge, Q; .....ccccoveveemmieeee e csm/in 40
(Use T¢ and |, /P with exhibit 4— )
7. RUNOM, Q coeooeeoierreeieee et est sttt s st sssennens in {251
(From worksheet 2) Figure 2-6
8. Pond and swamp adjustment factor, Fp ........................................... 4
(Use percent pond and swamp area
with table 4-2. Factor is 1.0 for
2ero percent pond ans swamp area.)
9. Peak diSCharge, Gp ..........cccuuunrreirrereceneinssessesscsnsesse s ftd/s| . OC

(Where q, = q,A,,QF )
Volome oF Runces V-

V= Q. ¥ Arn* 52.2D =2, 0034 Ac. BT
= 149 ce

(210-VI-TR-55, Second Ed., June 1986)
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Worksheet 2: Runoff curve number and runoff
Project ‘ By

Date

|
Location |Checked Date

Checkone: [ Present Eﬁveloped 5 AS/~ &
_1. Runoff curve number .\

' v Y |
Sol rarre Cover dsaipton CN Area | Prodict
hydréogc CN »area
graip I P ey
(cower ype, teatmen ard hylrobgc candtion; pecert P o e lom?
(apperdix A) imperiows; unomeded/conetedmpevius aea ratidp 2 é' 2 Oo%
5 pewly zroces se 453 | 55,757
7
Farest [ipis 98 .07/ (.738

Y use olyoneCN sorce peline

Totals W | 759 | ¢65.677

CN(weight) = totalproduct - 43S 477 - 87./05 .
totalarea , 754

UseCNIp |57

“2.Runoff

Stoam # Stom # Stam 8
FraqUaCy .....ceeeeeeimreeeeinnemereeerinenns w z )
Rafdl, P (24h0U) eoooevvcevveererrrrrree in /. / SEE /; 24 /31_,
Rumdf, Q ..o in 0.78
(Use RNdCN with tabR1, figire2-1, or

equdiors 2-3 ad 2-4

S=/.4943

(210-VI-TR-55, Second Ed., June 1986)
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Worksheet 3: Time of Concentration (T¢) or travel time (Ty¢)

Project By Date

Location . Checked Date

Check one: D Present D Developed

Check one: D Te D Tithr ough subarea
Notes: Space for as many as two segments per flow type can be used for each worksheet.

Segment ID / 2
1. Surface description (table 3-1) jmvc/ ........... AQrade o arcaded
o —/
2. Manning's roughness coefficient, n (table 3-1) .......... e O/ e XN
3. Flow length, L (total L 1+ 300 ft)
4. Two-year 24-hour rainfall, P, ..............cccccccoovceeee. i
5. Land Slope, S ..o

6. Ty=_0007 (nL)°°

Segment ID

Surface description (paved or unpaved) .....................
Flowlength, L ..ot ft

12. Cross sectional flow area, @ ..........cccoveveeeeevnen.... ft2

13. Wetted perimeter, pw .....cccecevieeeeeveececeeee. ft

14. Hydraulic radius, r= 2 Computer .........ceeuneeee. ft

15 Channel siope, s ...... p O eeeteeesee e eeeeereesesenesee e ft/ft

16. Manning’s roughness coefficient, n .............c.............

17. v=_1491r28g12 Compute V ................ ft/s

18. Flowtength, Ln .......................................................... ft

19. Ty=__L Compute Ty .............. hr ] + L =

20 Watershod or Subarea Toor Ty (add Ty in steps 6, 11, @00 19) .....c.creerreeeereereeceresiennieee s, Hr{0./0

(210-VI-TR-65, Second Ed., June 1986)



Worksheet 4: Graphical Peak Discharge method

Project

By l Date

Location

Checked Date

Check one: D Present D Developed

1. Data
Drainage area .........cccceceeeeeveveeeeneennn, Am=_00(06™ mi? (acres/640)
RUNOFf CUIVE NUMDET <...eeeeeeeeeeeerreeeeea. CN = = (From worksheet 2)
Time of concentration ..............cccoviinnee. Te= et hr (From worksheet 3)
Rainfall distribution .............ov.veveeeveeeeeernee. = n (1, 1A, 1t 1)

Pond and swamp areas sprea
throughout watershed ............ccoeceeceeenene

.= o percent of A, (

acres or mi2 covered)

Storm #1 | Storm #2 | Storm #3
2. FTEQUENCY .ottt e e s a s tesan e sae e s e yr zZ
3. RAINAI, P (24-N0UM) ..eeoreeeeeeeeeeeeeee s e eeeseseseeeeeseressesesenre in | 1\
4. Initial abstraction, lg ..o, in |_° 29
(Use CN with table 4-1)
5. COMPULE Lg/P eoveoeeeeeeeseeseesseeesseseeeee s seeesssees oo seeeeneee 0 200
6. Unit peak discharge, g -.....ccccccocerenercencemoeeecenieseeeeniennaenes csmfin 150
(Use T and |5 /P with exhibit 4— )
7. RUNOF, Q oottt et st in ©.2%
(From worksheet 2) Figure 2-6
8. Pond and swamp adjustment factor, Fy .........ccceceeeeeieeiineciiieenene 0o
(Use percent pond and swamp area
with table 4-2. Factor is 1.0 for
zero percent pond ans swamp area.)
9. Peak diSCharge, Gp ........c..oerruerricsssenmsnismesissseneesssnsisss oo s . 2D

( Where Qp = quAmon)
\fo\Oma o Lonore V-
\(¢ = R A~>*SD. 27

= O.0O\F 33 Aac. £7
44 cp

(210-VI-TR-55, Second Ed., June 1986)
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Chapter 4 Graphical Peak Dischage Method Technical Release 55
Urban Hydrology for Small Watersheds

Exhibit 4-II Unit peal discharge (q,) for NRCS (SCS) type II rainfall distribution

-

Time of concentration (Tc), (hours)

}
o
o
o~

1000
800 -
600 -
500
400
300 A
100+
80 —
60
50

(uijwis9) ‘("b) abaseyasip yead yun

(210-VI-TR-55, Second Ed., June 1986)
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Chapter 4

Graphical Peak Discharge Method

This chapter presents the Graphical Peak Discharge
method for computing peak discharge from rural and
urban areas. The Graphical method was developed
from hydrograph analyses using TR-20, “Computer
Program for Project Formulation—Hydrology™ (SCS
1983). The peak discharge equation used is:

Qp = 9.AnQFp [eQ' 4-1}
where:
qp = peak discharge (ft3/s)
gu= unit peak discharge (csm/in)
A, = drainage area (mi?)
Q = runoff (in)
Fp= pond and swamp adjustment factor

The input requirements for the Graphical method are
as follows: (1) T, (hr), (2) drainage area (mi?), (3)
appropriate rainfall distribution (I, IA, II, or III), (4) 24-
hour rainfall (in), and (5) CN. If pond and swamp
areas are spread throughout the watershed and are not
considered in the T, computation, an adjustment for
pond and swamp areas is also needed.

Peak discharge computation

For a selected rainfall frequency, the 24-hour rainfall
(P) is obtained from appendix B or more detailed local
precipitation maps. CNand total runoff ({Q) for the
watershed are computed according to the methods
outlined in chapter 2. The CN is used to determine the
initial abstraction (/) from table 4-1.

I/Pis then computed.

If the computed I/Pratio is outside the range in
exhibit 4 (4-1, 4-IA, 4-1I1, and 4-1II) for the rainfall distri-
bution of interest, then the limiting value should be
used. If the ratio falls between the limiting values, use
linear interpolation. Figure 4-1 illustrates the sensitiv-
ity of I/Pto CNand P.

Peak discharge per square mile per inch of runoff (qu)
is obtained from exhibit 4-1, 4-IA, 4-11, or 4-11I by using
T, (chapter 3), rainfall distribution type, and I/Pratio.
The pond and swamp adjustment factor is obtained
from table 4-2 (rounded to the nearest table value).
Use worksheet 4 in appendix D to aid in computing the
peak discharge using the Graphical method.

Figure 4-1  Variation of I,/Pfor Pand CN

S
1.0

0.84
0.6
e
=
0.4
0.2
0
Rainfall (P), inches
Table 4-1 I, values for runoff curve numbers
—
Curve I Curve I,
number (in) number (in)
40 e 3.000 70 e 0.857
41 e, 2.878 [ 5 0.857
42 e 2.762 0.817
L X J 2.651 ...0.778
4 e 2.545 0.703
45 e, 2.444 .... 0.667
46 .o 2.348 ...0.632
Y (O 2.255 0.597
48 .. 2.167 ... 0.564
49 e 2.082 0.532
50 .... 2.000 0.500
51 ... 1.922 0.469
52 e 1.846 0.439
53 ... 1774 0.410
54 oo 1.704 0.381
55 ... .1.636 ..0.353
L1 J 1571 | 86 . 0.326
LY [N 1509 | 87, 0.299
58 s 1448 | 88..oee 0.273
L1 IO 1390 | 89.e 0.247
111 1.333 90 . 0.222
1] S 1.279 91 e 0.198
92 e 0.174
93 . 0.151
94 i 0.128
95 e 0.105
i1 1.030 96 ..o 0.083
Y [N 0.985 [ 0.062
11 JON 0.941 98 e, 0.041
(11 0. 899

(210-VI-TR-55, Second Ed., June 1986)
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MANAGERS O T SHEET o%g

DESIGNERS CONSULTANTS

CLIENT/SUBJECT W.O. NO.
TASK DESCRIPTION ' TASK NO.
PREPARED BY DEPT DATE APPROVED BY
MATH CHECK BY DEPT ______DATE

METHOD REV. BY DEPT____ DATE_______|DEPT DATE

Srormuoater Bunoers E£rowA BUiLDidEs &S, 66

Ares ror. *&J('L.di'nc.) Gis = 1267 SF, ©.022 Ac, 48496 x 1p"°
Arer For Bolding Glb = 2A5Cse,0.0% ac, 142x1071

N =25 ;m?ervious

S x (000 ~lo = o, 20
>8

\/'2 = 5L % AM)‘& 5’5,55

Ne. = £.002i6 +c.£T =y 92,97 CF, USe 24 .0 cF

[t

Ve gy = ©- P14 4. PT =y 297%.59 cr, Use Z4cF

REW 10-05-003/A-5/85

c4o.a



Basin 1 V-Ditch
Worksheet for Triangular Channel

Project Description

Project File c:\haestad\fmw\vtank.fm2
Worksheet V-ditch at East Boundary
Flow Element Triangular Channel
Method Manning's Formula

Solve For Equal Side Slopes

Input Data

Mannings Coefficient 0.022
Channel Slope 0.010000 ft/ft
Depth 1.00 ft
Discharge 0.03 cfs
Results

Left Side Slope 0.048049H :V
Right Side Slope 0.048049H :V
Flow Area 0.05 ft2
Wetted Perimeter 2.00 ft

Top Width 0.10 ft
Critical Depth 0.46 ft
Critical Slope 0.662071 ft/ft
Velocity 0.56 ft/s
Velocity Head 0.49e-2 ft
Specific Energy 1.00 ft
Froude Number 0.14

Flow is subcritical.

05/31/01
06:50:41 PM

Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708

(203) 755-1666

29 o 72

FlowMaster v5.11



Basin 2 V-Ditch
Worksheet for Triangular Channel

Project Description

Project File c:\haestad\fmw\vtank.fm2
Worksheet V-ditch at East Boundary
Flow Element Triangular Channel
Method Manning's Formula

Solve For Equal Side Slopes

input Data

Mannings Coefficient 0.022
Channel Slope 0.010000 ft/ft
Depth 1.00 ft
Discharge 0.04 cfs
Results

Left Side Slope 0.063902H:V
Right Side Slope 0.063902H :V
Flow Area 0.06 ft2
Wetted Perimeter 2.00 ft

Top Width 0.13 ft
Critical Depth 0.49 ft
Critical Slope 0.441963 ft/ft
Velocity 0.68 ft/s
Velocity Head 0.01 ft
Specific Energy 1.01 ft
Froude Number 0.17

Flow is subcritical.

05/31/01
06:51:28 PM

Haestad Methods, inc. 37 Brookside Road Waterbury, CT 06708

(203) 755-1666

20 o 32

FlowMaster v5.11
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SHEET f____
DESIGNERS /CONSULTANTS
CLIENT/SUBJECT W.0. NO.
TASK DESCRIPTION _TASK NO.
PREPARED BY DEPT DATE APPROVED BY
MATH CHECK BY DEPT DATE
METHOD REV. BY DEPT DATE DEPT DATE
f%nd’ﬁk&ﬁ

/ssamc /Ol/oc. a/csjnec/ »‘ér‘ 100 }//-/24 fr Srekn

/9: 2.4 .
=79 .
S = Jooo
‘., = . ,o (P+0557
) OQO‘IS %e]
€, = .10
/'0&}//"; S sc o 7 ac = /) ces
ny. = 78 Ac P @ AC = KcelS
p=tt : : - S5 Ac = 7eFs

RFW 10-05-003/A-5/85
512-5643



Worksheet
Worksheet for Circular Channel

Project Description

Project File c:\haestad\fmw\temp.fm2
Worksheet 21" pipe

Flow Element Circular Channel
Method Manning's Formula
Solve For Full Flow Capacity
Input Data

Mannings Coefficient 0.024

Channel Slope 0.006700 ft/ft
Diameter 21.00 in
Results

Depth 1.75 ft
Discharge 7.02 cfs
Flow Area 2.41 ft2
Wetted Perimeter 5.50 ft
Top Width 0.00 ft
Critical Depth 0.98 ft
Percent Full 100.00

Critical Slope 0.018413 ft/ft
Velocity 292 ft/s
Velocity Head 0.13 ft
Specific Energy FULL ft
Froude Number FULL

Maximum Discharge 7.56 cfs
Full Flow Capacity 7.02 cfs
Full Flow Slope 0.006700 ft/ft

05/24/01

06:03:07 PM

FlowMaster v5.11
Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666
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